A comprehensive axisymmetric numerical model has been developed to study high pressure droplet evaporation. In this model, high pressure transient effects, variable thermo-physical properties and inert species solubility in the liquid-phase are considered. First, the axisymmetric model has been utilized to explain the discrepancy between theoretical and experimental results on microgravity droplet evaporation that has been reported in the literature [J.R. Yang and S.C. Wong, Ref. 35]. In addition, this effort led to a thorough validation of the model against the most extensive microgravity experimental data available in the literature on droplet evaporation. Second, the validated model has been utilized to investigate spherically symmetric droplet evaporation for a wide range of ambient pressures and temperatures. The predictions show that the average droplet evaporation constant decreases with ambient pressure at sub-critical ambient temperatures, becomes insensitive to pressure at ambient temperatures around the critical temperature of the fuel and presents a local maximum while increasing with the ambient pressure at super-critical ambient temperatures.
INTRODUCTION
The understanding of droplet evaporation characteristics in high pressure and high temperature environments is important in the study of many industrial applications such as liquid-fueled rocket engines, diesel engines and high speed combustors of aircraft jet engines. Many effects which are assumed to be negligible at the conditions of low and moderate ambient pressures, become very important at high ambient pressure conditions. Among these effects are the transient characteristics of liquid-and gas-phases, the non-ideal behavior of the gas-phase, the real gas effects on the heat of vaporization and on the vapor-liquid equilibrium conditions at the droplet interface and the solubility of the ambient inert species into the liquid droplet. A brief review of research studies in the field of high-pressure droplet vaporization is presented below.
Studies on droplet evaporation at high pressures have been reviewed by several authors [1] [2] [3] . Starting in the early 1970's, it has been established experimentally [4] [5] [6] [7] [8] that during high pressure spray combustion only the larger droplets may penetrate into the flame zone and burn individually with an envelope or a wake flame; other droplets just evaporate within the relatively cool interior of the spray [9] . Initially, several researchers have studied the various aspects involved in high pressure droplet vaporization [10] [11] [12] [13] [14] [15] [16] . However, these investigators have assumed that the ambient gas does not dissolve into the liquid droplet. Following these studies, several investigators [17] [18] [19] [20] [21] [22] [23] [24] , have addressed the problem of ambient gas solubility into the liquid-phase. Some of these studies [17, 18] , have neglected the heat-up of the droplet interior, which remains important throughout the droplet lifetime, and have treated the gas-phase as quasi-steady. Manrique and Borman [17] were the first to consider the solubility of the inert gas into the liquid-phase in their numerical model and they predicted an increasing trend for the droplet vaporization rate with increasing ambient pressure. Theoretical high pressure models [18, 19] were employed to predict the burning rates of different types of liquid fuel droplets. Predicted conditions for super-critical burning agreed reasonably well with the measured ones for ambient pressures up to three times the fuel critical pressure. Curtis and Farrell [20, 21] developed a high pressure model and predicted the droplet vaporization rate, liquid droplet temperature and the critical mixing state. Hsieh et al. [22] developed a comprehensive high pressure droplet vaporization model taking into consideration the real gas effects. They reported increasing trend in the droplet vaporization rate with pressure for a single ambient temperature (super-critical) of 2000 K. Delplanque and Sirignano [23] developed a detailed numerical model and investigated the transient vaporization of a liquid oxygen droplet in gaseous hydrogen at moderate and high pressures. Jia and Gogos [24] developed a comprehensive model and presented results for an n-hexane droplet initially at 300 K evaporating into an ambient of nitrogen, for a wide range of ambient pressures (0.1-10.1 MPa) and ambient temperatures (500-1250 K). They showed that at low ambient pressures (below 3 MPa), the predicted droplet lifetimes, with and without taking into account the gas solubility into the liquid droplet were close to each other. However, at higher ambient pressures, the model that neglects solubility, either under-predicts the droplet lifetimes (low ambient temperature) or breaks down by failing to predict vapor-liquid equilibrium (high ambient temperature). It was also shown that at high enough ambient pressure, heat-up is extremely important during the entire droplet lifetime. Ruszalo and Hallett [25] employed the Peng-Robinson equation of state to examine the droplet ignition phenomena at high pressures. Ristau et al. [26] have conducted experimental and theoretical investigations on droplet evaporation and droplet ignition at high pressures. They have reported that the evaporation constant under microgravity is smaller than that at normal gravity. Poplow [27] numerically modeled the unsteady spherically symmetric evaporation of a cold single-component droplet at pressures above the critical pressure of the liquid and at temperatures above the critical temperature. Nomura et al. [28] have measured the temporal variation of (d/d 0 ) 2 for an n-heptane droplet at different ambient pressures and temperatures under microgravity conditions. Their results showed that the droplet lifetime decreases as ambient pressure increases, when ambient temperature is above 550 K, and it tends to increase with ambient pressure, when the ambient temperature is below 450 K. Haldenwang et al. [29] numerically studied the vaporization of a LOX droplet in quiescent high temperature and high pressure hydrogen gas. Classical thermodynamic modeling of high pressure mixtures was employed to study the transition from subcritical to supercritical vaporization regime. It was observed that the LOX droplet undergoes subcritical vaporization up to pressures several times the oxygen critical pressure. Umemura and Shimada [30] have studied the characteristics of droplet gasification under super-critical conditions. Based on their spherically symmetric gasification model, sub-critical, transitional and super-critical droplet gasification regimes were predicted. Gradinger and Boulouchos [31] have developed a zerodimensional model for spray droplet vaporization at high pressures and temperatures. In this study, differences observed in the results obtained by employing low-pressure and high-pressure property estimation methods for studying high-pressure vaporization, were discussed. Stengele et al. [32] carried out experimental and theoretical study of one-and two-component droplet vaporization in a high pressure environment. Sirignano and Delplanque [33] provided an overview of a few challenges associated with predicting spray combustion processes in propulsion systems, which are operated at super-critical pressures and temperatures of the pure fuel or propellant injected in the liquid phase. Zhu and Aggarwal [34] examined the capability of different empirical relations describing the equations of state for predicting the phase equilibrium and transcritical droplet vaporization behavior. They concluded that results obtained using Peng-Robinson equation of state showed excellent agreement with selected experimental data from Nomura et al. [28] . Yang and Wong [35] attempted to explain the discrepancies between theoretical results and available experimental results for microgravity droplet evaporation. They found that, for low ambient pressures (1 atm and 5 atm), the discrepancies at low ambient temperatures are mostly due to conduction effects of the fiber, while at high ambient temperature, the liquid-phase radiative absorption becomes mainly responsible. At high ambient pressures (10 atm and 20 atm), however, their theoretical results differed substantially from the experimental results of Nomura et al. [28] , even with fiber conduction and liquid-phase radiation absorption accounted for. Yang and Wong [35] did not compare their predictions with experimental data at very high pressure (50 atm) that are reported in Nomura et al. [28] . Zhu et al. [36] investigated quantitatively the gas-phase unsteadiness on droplet vaporization in sub-and super-critical environments. They concluded that the vaporization process predicted by quasi-steady model reaches the critical mixing state earlier than that of the transient model. Harstad and Bellan [37] studied the d 2 variation for isolated LOX drops and polydisperse clusters in hydrogen at high temperatures and elevated pressures. Their results showed that at sub-critical pressures the d 2 variation was quite linear; however, it departed significantly from linear behavior at elevated pressures. Zhu and Aggarwal [38] numerically investigated the transcritical droplet vaporization phenomena. Similar to their earlier work [34] , they compared the results from different equations of state. Their results indicated that at low to moderate ambient temperatures, the droplet lifetime first increases and then decreases, as the ambient pressure is increased. At high ambient temperatures, however, the droplet lifetime decreased monotonically with pressure. Consolini et al. [39] employed molecular dynamics simulation method to study the evaporation of submicron droplets in gaseous surroundings. They reported that for sub-critical conditions, a spherical droplet maintains its spherical shape, while a non-spherical droplet attains the spherical shape very early in its lifetime. For the super-critical case, the droplet does not maintain the spherical shape and also its temperature increases continuously during the vaporization process. Hohmann and Renz [40] carried out numerical simulations including the real gas effects and gas solubility for fuel sprays at high ambient pressures. Recently, Fachini [41] carried out a study to determine conditions for the quasi-steady regime of vaporization of methanol droplets in high pressure nitrogen. They found that the vaporization rate depends initially on the quantity of gas dissolved inside the droplet, on the liquid phase expansion and on the mass loss to the gas phase which is controlled by the initial conditions of the droplet. Zhang and Gogos [42] carried out numerical research on a vaporizing n-heptane droplet in a forced convective environment employing their in-house comprehensive high-pressure droplet vaporization numerical model. The paper also presented an initial validation of the comprehensive numerical model by comparing the numerical results against a few of the experimental data reported in Nomura et al. [28] . The experimental results of Nomura et al. [28] are the most extensive data available in the literature on the rate of hydrocarbon droplet vaporization for various elevated ambient pressures and temperatures within a microgravity environment. Zhang and Gogos [42] , while carrying out validation of their numerical model, they found major discrepancies between their numerical results and the experimental results reported by Nomura et al. [28] . Zhang and Gogos [42] pointed out that in the experiments of Nomura et al. [28] , the droplet had been moved from the droplet-generator to a test position, which had imparted an initial relative velocity between the droplet and the surrounding gas. When this relative motion had been considered in the numerical simulations, the model was able to predict the experimental time histories quite accurately.
The above brief literature review illustrates that a large number of complex physical aspects are involved in carrying out an investigation of high pressure droplet evaporation. A predictive and comprehensive numerical model should be able to simulate droplet vaporization trends for a wide range of ambient pressures and temperatures. Such a model should be thoroughly validated against experimental results. Two earlier works [35, 42] discussed the discrepancies between the numerical predictions and the experimental measurements. The reasons presented in these studies were not unique. Yang and Wong [35] considered that heat conduction effects along the fiber and the liquid-phase radiative absorption were the causes for discrepancy. The fiber conduction, an inherently axisymmetric problem, was evaluated with an ad hoc one-dimensional model; the heat input through the fiber was evenly distributed within the droplet volume. However, Shih and Megaridis [43] had developed a sophisticated axisymmetric model and had shown that even a fiber of radius up to half the radius of the suspended droplet has a negligible effect on the rate of droplet evaporation. Regarding radiation absorption by the liquid droplet, Marchese and Dryer [44] have shown that the ratio of the radiative heat addition to the conductive heat addition at the droplet surface was in the range of 0.009 to 0.112 for initial droplet diameters of 1 and 5 mm, respectively. The radiative heat addition to the smaller droplets considered in [28] is expected to be negligible. The results of Yang and Wong [35] showed that at ambient pressures higher than 10 atm the discrepancies between the experimental data and their numerical predictions remained increasingly significant even with fiber conduction and liquid-phase radiation absorption accounted for. The authors suggested that further research is needed to explain the discrepancies. Zhang and Gogos [42] pointed out that the initial droplet motion from the droplet generation position to the test position is responsible for the discrepancies. Their validation cases illustrated this phenomenon, however, only a few selective validation cases were reported in that study. Therefore, a thorough investigation is required for understanding the phenomena which cause the discrepancies.
Following the above discussion, in the present study, the discrepancies between theoretical and experimental results on microgravity droplet evaporation are definitively resolved by carrying out a thorough investigation of all of the experimental data reported by Nomura et al. [28] . This is accomplished by using a comprehensive predictive axisymmetric model to include in the simulations the initial motion of the droplets in the experiments of Nomura et al. [28] . All nineteen droplet evaporation cases for different ambient pressures and temperatures have been simulated and are presented in this study. In addition, this effort led to a thorough validation of the model against the most extensive microgravity experimental data available in the literature on droplet evaporation over a wide range of ambient pressures and temperatures. Furthermore, the validated model has been utilized to investigate spherically symmetric droplet evaporation for a wide range of ambient pressures and temperatures to understand the variations of evaporation constant and other quantities of interest, which have also not been reported in detail elsewhere. Results for spherically symmetric vaporization of a stationary n-heptane droplet under a zero-gravity nitrogen environment are presented in detail. A wide range of ambient pressures (0.037p c ≤ p ∞ ≤ 3.7p c ) and temperatures (0.65T c ≤ T ∞ ≤ 2.5T c ) have been considered. The average evaporation constant values have been provided as a function of reduced pressures and reduced temperatures. The transient behavior of the evaporation constant, temporal variations of the droplet temperature and the nitrogen mass fraction inside the droplet, at different ambient pressures and temperatures are presented in detail. The effect of initial droplet temperatures is also discussed.
NUMERICAL MODEL
A liquid fuel droplet with an initial diameter d 0 is evaporating within a stagnant inert (nitrogen) environment of infinite expanse. The initial temperature of the droplet is T 0 , and the ambient pressure and temperature are p ∞ and T ∞ , respectively. Since this study is focused on the zero-gravity environment, natural convection is absent. In the absence of forced convection, the problem is spherically symmetric, or else, it will be axisymmetric. Initially, both the liquid phase (n-heptane fuel droplet) and the gaseous phase (nitrogen) consist of a single species. Due to the elevated pressure effects, the ambient inert gas (nitrogen) dissolves in the liquid phase. Temperature and pressure dependent variable properties have been employed. Changes in the liquid-phase density due to both thermal expansion and change in the species composition contribute to the rate at which the droplet surface recedes and are incorporated in the model. The following assumptions are employed in the comprehensive axisymmetric model: (1) the droplet shape remains spherical, (2) thermal radiation effects are negligible, (3) second-order effects, such as the Soret and Dufour effects are negligible, (4) viscous dissipation is neglected and (5) the flow is laminar and axisymmetric. The details of the governing equations, solution method, evaluation of variable thermophysical properties, convergence criteria, boundary and initial conditions are available elsewhere [42] . An equation of state is required for closing the set of governing equations and boundary conditions. Peng-Robison equation of state has been employed in this study because of its accuracy [24, 34, 38] . Transient calculations have been terminated when (d/d 0 ) 2 ≤ 0.2, or when the critical state for the binary system is reached.
RESULTS AND DISCUSSION
The comprehensive numerical model has been thoroughly validated using the n-heptane experimental data of Nomura et al. [28] , which were obtained under micro-gravity conditions for a wide range of ambient pressures and temperatures. The droplets were initially at room temperature (T 0 = 300 K is used in the simulations). Figure 1 presents the time histories of (d/d 0 ) 2 for different ambient temperatures at an ambient pressure of 0.1 MPa. The predictions (dashed lines) using the numerical model with negligible forced convective flow (negligible initial droplet velocity ∼10 -7 m/s is employed in the calculations in order to simulate spherically symmetric vaporization), deviate from the measured data (circles).
As mentioned earlier, in the study by Nomura et al. [28] , the droplet was moved from a droplet-generator to the test position (through a length of 60 mm in about 0.16 seconds) within the hot nitrogen environment [26, 28] . During this process a relative droplet motion with an average velocity of 0.375 m/s has been imparted on the liquid droplet. As a result, during this period the droplet should have experienced considerable heat-up. Furthermore, the shear stress at the liquid/gas interface should have introduced a circulation within the droplet interior, which would have been sustained for a longer time, beyond the 0.16 seconds of droplet motion. When the actual average initial droplet velocity (0.375 m/s) was employed in the simulations and liquid-phase circulation was allowed until it is damped down by itself, the agreement between the experimental and the numerical results (dash-dot lines) has become remarkable (maximum deviation between numerical and experimental results is around 12%). The initial Reynolds number (Re 0 = ρ ∞ d 0 U ∞ /µ ∞ , where ρ ∞ is the ambient gas density, d 0 is the initial droplet diameter, U ∞ is the average velocity of the droplet movement, and µ ∞ is ambient gas viscosity) used in each case has been indicated in the figure itself. This Reynolds number decreases with time due to droplet size reduction. Nomura et al. [28] presented nineteen cases such as those presented in Fig. 1 , by varying ambient temperature and pressure. The comparisons for the other cases (higher ambient pressures) are shown in Figs. 2-5 .
In Figs. 1-5 , the origin of the horizontal axis is the time when a droplet was placed at the test position, as reported by Nomura et al. [28] . Figure 2 In the experiments, the droplet velocity would initially increase gradually and then decrease to zero towards the end when the droplet is placed in position in the chamber; the exact variation of velocity with time is not known. In the numerical model, however, an average velocity is employed. This is the reason for the slight discrepancies observed between the numerical and experimental data for 16 out of 19 cases.
Regarding the three cases that show major discrepancies between experimental and numerical results, a) the experimental data for the case shown in Fig. 4b are obviously questionable, as can be easily seen when the projected droplet lifetimes for the four cases of Fig. 4 are plotted against the ambient temperature, and b) the other two cases correspond to ambient pressure of 5.0 MPa (according to Nomura et al. [28] , measurements at the highest pressure "did not have enough repeatability"). The results in Figs. 1-5 explain definitively the reason for the discrepancy between theoretical and experimental results for microgravity droplet evaporation.
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Subcritical and supercritical droplet evaporation within a zero gravity environment; on the discrepancies between theoretical and experimental results Next, the validated numerical model was utilized to conduct a parametric study on spherically symmetric n-heptane droplet vaporization within a nitrogen environment. A negligible droplet velocity (∼10 -7 m/s) has been employed in the axisymmetric model for all the cases presented below. The initial droplet diameter of 0.1 mm and an initial droplet temperature of 300 K have been considered. Simulations have been carried out for a wide range of ambient temperatures and pressures. Figure 6 presents the energy required for phase change (∆h) for an n-heptanenitrogen binary system in thermodynamic equilibrium, as a function of temperature for different pressures (3, 9 and 12 MPa). Figure 6 shows that the value of ∆h for the binary system significantly deviates from that of pure n-heptane with increasing pressure. Also, the value of ∆h decreases with increasing temperature or increasing pressure. A sharp decrease in the value of ∆h occurs when the temperature approaches the critical point of the mixture. Similar results for an n-hexane-nitrogen system have been reported by Jia and Gogos [24] . 2 , the evaporation constant (K), the temperatures at the droplet surface and at the droplet center, and the mass fractions of nitrogen at the droplet surface (liquid-phase) and at the droplet center, for different ambient pressures and at a relatively low ambient temperature (T ∞ = 0.75 T c ; T c = 540.3 K for n-heptane). Figure 7a shows that the time history of (d/d 0 ) 2 follows d 2 -law for all the ambient pressures considered, except during the initial heat-up period. The droplet lifetime increases with increasing ambient pressure at this low ambient temperature. The evaporation constant sharply increases during the heat-up period and reaches a constant maximum value (Fig. 7b) . However, the maximum value decreases with increasing ambient pressure. The temporal variation of the temperature is shown in Fig. 7c , where both the droplet surface and the droplet center temperatures continuously increase during the initial heatup period and reach the same constant maximum value after the initial heat-up period is complete. The maximum temperature increases with increasing ambient pressure.
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Subcritical and supercritical droplet evaporation within a zero gravity environment; on the discrepancies between theoretical and experimental results At this low ambient temperature, due to the increase in the droplet temperature with pressure, the rate of heat transfer is reduced due to the reduction in the value of the temperature gradient at the surface. As a result, the evaporation constant suffers a decrease in its value with increasing pressure at this low ambient temperature. Even though the energy required for phase change decreases with increasing pressure, the effect of which is expected to increase the evaporation constant value, the effect of the reduction in the heat transfer rate in this case dominates and eventually causes a decrease in the maximum evaporation constant value. Figure 7d shows that the mass fraction of nitrogen at the droplet center gradually increases and reaches the value of the nitrogen mass fraction at the surface during the heat-up period. After that both quantities reach the same constant value. This constant value increases with increasing ambient pressure.
On the other hand at a relatively high ambient temperature (T ∞ = 2.0 T c ), entirely different trends in the variations of the same quantities considered in Fig. 7 observed. Figure 8 shows the variations of (d/d 0 ) 2 , K, temperature and mass fraction of nitrogen, for the high ambient temperature case. It is clear from Fig. 8a that the slopes of the (d/d 0 ) 2 curves continuously change with time and the d 2 -law is no longer valid. Also, the droplet lifetime decreases with increasing ambient pressure, unlike the previous case. Figure 8b shows that the value of K never reaches a constant value and its variation is highly transient throughout the droplet lifetime, especially at high ambient pressures. For the lowest ambient pressure considered here, only towards the end of the droplet lifetime, the value of K tends to reach a constant value. The steep increase in the K value at high ambient pressure is due to the fact that at high pressure and temperature, the energy required for phase change is lower, and this speeds up the vaporization process. Even though the droplet temperature increases with pressure, the effect of reduction in the heat transfer rate has been overcome by the effect of decrease in the energy requirement for the phase change and therefore, the evaporation constant value increases with increasing pressure, at this high ambient temperature. As far as droplet temperature is concerned, the transient heat-up period extends almost up to the complete lifetime of the droplet (Fig. 8c) , unlike the previous case (Fig. 7c) . It is clear from Fig. 8c that for the highest ambient pressure considered, both the droplet 328 Subcritical and supercritical droplet evaporation within a zero gravity environment; on the discrepancies between theoretical and experimental results 
Figure 6:
Energy required for phase change for a n-heptane-nitrogen system in thermodynamic equilibrium.
surface and the center temperatures increase with time continuously. For the lowest ambient pressure considered, near the end of the droplet lifetime the temperature at the droplet center tries to asymptotically reach the surface temperature. The variation pattern for the mass fraction of nitrogen is shown in Fig. 8d . As the ambient pressure increases, the transient effects are present for a longer time. It may be noted that at the highest ambient pressure considered, not even the surface mass fraction of nitrogen reaches a constant value like that happens at the other lower ambient pressure cases. An appropriate value of average evaporation constant has been defined so as to study its variation as a function of ambient pressure and temperature. As seen earlier, at low temperatures and pressures, the evaporation constant reaches a constant maximum value (Fig. 7b) . However, at elevated ambient temperatures and pressures, transient effects are present till the end of the droplet lifetime (Fig. 8b) . Therefore, in order to obtain an average K value (K -), following Ristau et al. [26] , time averaging has been employed for the K value for the time during which the value of (d/d 0 ) 2 is less than 0.5. The value of K -has been non-dimensionalized using a reference evaporation constant value (K 0 = 0.1817 mm 2 /s) obtained when the ambient temperature and pressure are T ∞ = T c and p ∞ = 1 atm, respectively and T 0 = 300 K. Figure 9 shows the variation of nondimensional K -value as a function of reduced ambient pressure, at low ambient temperatures (0.56T c ≤ T ∞ ≤ 0.85T c ). In this range of ambient temperatures, the value of K -decreases with increasing p ∞ . Also, as the ambient temperature is reduced, the value of K -is reduced. At the lowest ambient temperature considered, the value of K -becomes almost constant irrespective of the ambient pressure, and this case compares within 5% deviation with the experimental data of Chauveau at al. [45] (Fig. 9 ). Figure 10 shows the variation of non-dimensional K -value as a function of reduced ambient pressure, for higher ambient temperatures (0.95T c ≤ T ∞ ≤ 2.5T c ). When the ambient temperature is close to the critical temperature (T ∞ = 0.95 T c ), the average evaporation constant value remains almost constant. At super-critical ambient temperatures, (T ∞ > T c ), the average evaporation constant value increases with the ambient pressure, which is in agreement with the experimental observations of Nomura et al. [28] . As discussed earlier with respect to Fig. 8 , the reason for this trend is that the effect of the decrease in the rate of heat transfer due to increase in the droplet temperature has been overcome by the effect of the decrease in the energy requirement for the phase change. Figure 10 also shows that the evaporation constant values present a local maximum at the super-critical ambient temperatures. The ambient pressure, around which the maximum K -value occurs, decreases with increasing ambient temperature and this trend is in excellent agreement with the conclusions of Sato [46] . Qualitative comparison with Hsieh et al. [22] has also been shown in Fig.10 . Even though the fuel employed is different in [22] , the variation trend reported at the high ambient temperature qualitatively supports the same in the present results. The effect of initial droplet temperature on the droplet evaporation has also been examined. Figure 11 as the initial droplet temperature is reduced. As far as the temporal variations of droplet temperature and mass fraction of nitrogen are concerned, at this ambient condition, for both initial temperatures, they tend to reach the thermodynamic equilibrium (Figs. 11c  and 11d ). These trends qualitatively agree with those reported in Fachini [41] .
To examine the effect of initial droplet temperature at super-critical pressures, an ambient pressure of p ∞ = 3.7p c , has been considered. The ambient temperature, however, has been retained as the critical temperature itself. Figure 12 shows the variation of (d/d 0 ) 2 , K, the temperature and the mass fraction of nitrogen, for the high ambient pressure case. As in the previous case, the droplet lifetime decreases when the initial droplet temperature is increased (Fig. 12a) . However, the value of K continuously increases (Fig. 12b) unlike the previous case (Fig. 11b) . The variations in the droplet temperature and in the mass fraction of nitrogen (Figs.12c and 12d) , indicate that the quantities at the droplet surface and the center increase with time together in an asymptotical manner.
The effect of initial droplet temperature for super-critical ambient conditions is examined next. For the same super-critical ambient pressure (3.7p c ), the ambient temperature (T ∞ ) has been increased to 1.5 T c . Figure 13 shows the variation of (d/d 0 ) 2 , K,
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Subcritical and supercritical droplet evaporation within a zero gravity environment; on the discrepancies between theoretical and experimental results the temperature and the mass fraction of nitrogen, for this super-critical ambient condition. The droplet lifetime decreases with increasing initial temperature, like in the previous two cases. The values of evaporation constant exhibit a complete transient behavior (Fig. 13b) , like the previous super-critical pressure case (Fig. 12b) . The temporal variation of droplet temperature indicates that droplet heat-up continues until the end of the droplet lifetime and significant gradients in temperature and nitrogen mass fraction remain within the droplet until the end of its lifetime.
CONCLUSIONS
A comprehensive numerical model has been employed to study droplet evaporation over a wide range of ambient temperatures and pressures. The model captures the transient high pressure vaporization process by employing temperature and pressure dependent variable thermo-physical properties in the gas and the liquid phases, the real gas effects and the solubility of inert species into the liquid phase. The axisymmetric model has been utilized to definitively explain the discrepancy between theoretical and experimental results on microgravity droplet evaporation that has been reported in the literature. In the process, the numerical model has been thoroughly validated against the extensive microgravity experimental data of Nomura et al. [28] . The numerical model with negligible droplet velocity has been used to simulate the spherically symmetric droplet vaporization process. The main predictions are listed below. The droplet lifetime increases with increasing ambient pressure at the low sub-critical ambient temperature. For this case, the effect of decrease in the rate of heat transfer due to the increase in the droplet temperature is seen to dominate the effect of reduction in the phase change energy requirement. On the other hand, the effect of the reduction in the energy requirement for the phase change is seen to dominate the effect of decrease in the rate of heat transfer, when a super-critical ambient temperature is considered, which eventually decreases the droplet lifetime with increasing ambient pressure. The average evaporation constant value decreases with increasing ambient pressure at sub-critical ambient temperatures. At an ambient temperature around the critical value, the average evaporation constant value remains almost unchanged, irrespective of the ambient pressure. At super-critical ambient temperatures, the average evaporation constant increases with pressure and reaches a local maximum. This local maximum value of the average evaporation constant occurs at a particular ambient pressure, the value of which decreases with increasing ambient temperature. 
